In dogs anesthetized with a-chloralose, passive alterations in splanchnic blood flow over a range of flows between 10 ml/kg min-1 and 50 ml/kg min" 1 produced by a blood flow pump or by a change in perfusion pressure were associated with changes in splanchnic blood volume of 0.19 ± 0.1 (srj) ml/kg and 0.43 ± 0.15 ml/kg, respectively, for a change in flow of 1 ml/kg min-1 . Mechanical increase in splanchnic outflow resistance raised portal venous pressure from a control mean of 6.9 ± 4 . 1 mm Hg to 15.4 ± 3.5 mm Hg and increased splanchnic blood volume by 8.1 ± 2.2 ml/kg. Of the total change in splanchnic blood volume during an 18-second supramaximal stimulation of the thoracic splanchnic nerves, an estimated 65% was released "passively." The magnitude of this passive release was related linearly to splanchnic blood flow. During increased resistance to splanchnic outflow, the passive release was absolutely and relatively reduced, but the volume of blood actively released by constriction of capacitance elements was absolutely and relatively increased. During hemorrhage (7.2 ml/kg body weight), an average of 4.7 ± 0.6 ml/kg of blood (21* of the calculated splanchnic blood volume) was mobilized, and arterial blood pressure decreased an average of 5%. Repetition of the bleeding after bilateral splanchnicectomy passively mobilized 3.25 ± 0.9 ml/kg of blood (68% of the innervated value), but arterial blood pressure declined by an average of 20%.
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• The dimensions of the splanchnic vascular bed suggest its importance in the cardiovascular system. In resting man and dog, the bed accommodates about one fifth of the total blood volume, receives a similar proportion of the cardiac output, and thus is a major determinant of total peripheral vascular resistance and systemic arterial blood pressure. Also because of its capacity to take up or release blood, the splanchnic vascular bed is considered to be of fundamental importance in circulatory ihomeostasis (1) (2) (3) .
Previous studies attempted to quantify the volume of blood that could be expressed from individual portions of the splanchnic region or from the total region in response to hemorrhage (4) , electrical stimulation of the splanchnic nerves (5, 6) , or reflex alteration of sympathetic adrenergic activity (7) (8) (9) . These studies also attempted to determine the volume of blood, relative to total splanchnic blood volume, that could be mobilized and the speed at which changes in blood flow and volume occurred. The present study examined the effect of separate changes in splanchnic arterial inflow and in resistance to splanchnic venous outflow on (1) splanchnic blood volume, (2) the volume of blood expelled from the splanchnic circulation in response to a standard electrical stimulation of the left thoracic splanchnic nerve, (3) the "active" 106 BROOKSBY, DONALD and "passive" components of the volume of blood so released, and (4) the effect of bilateral splanchnicectomy on the volume of blood mobilized from the splanchnic region during a brief hemorrhage.
Methods
Fasted dogs weighing 12-18 kg were anesthetized with sodium thiopental (20 mg/kg) and achloralose (80 mg/kg) and maintained by acrdoralose (10 mg/kg hour" 1 ) for the duration of the experiment. Heparin was given prior to cannulation of vessels in a dose of 3 mg/kg and repeated at hourly intervals (20 mg/hour). All injections were made intravenously, and the dogs were artificially ventilated with oxygen throughout the experiment.
The basic preparation used in this study and the limitations in the measurement of splanchnic blood volume (SBV) have been described in detail previously (10) and will be reviewed only briefly. The technique allowed almost complete vascular isolation of the splanchnic circulation without laparatomy. The left side of the chest was opened, and the distal thoracic aorta was mobilized and ligated 1 cm distal to the superior mesenteric artery. Cannulas facing upstream and downstream were inserted into the aorta proximal to the celiac artery and connected through a perfusion circuit consisting of a cannulating square-wave electromagnetic flow transducer (Ji inch i.d.), a windkessel, and a heat exchanger. The inferior vena cava was cannulated as it emerged from the diaphragm, and the splanchnic venous outflow was passed through a second similar flow transducer into the cannulated right atrium. Total splanchnic inflow and outflow were recorded continuously, using a two-channel electromagnetic flowmeter (Carolina Medical Electronics model 322). During the experiment, the flow signal from each transducer was fed into an integrating circuit, which continuously measured total forward flow over periods of 3 seconds or 6 seconds. Alteration of blood volume was computed as the summed difference between the inflow and the outflow of blood. At the end of each experiment, the transducers were calibrated with the dog's own blood, using timed volume collections to encompass the range of flows recorded.
Arterial and venous pressures were measured through needles inserted into the arterial inflow and venous outflow blood lines and connected to strain gauges (Statham P23d). Pressure and flow signals were recorded simultaneously on an ultraviolet-light recorder (Honeywell Visicorder).
ALTERATION OF CIRCULATING SPLANCHNIC BLOOD VOLUME
Four separate experiments were carried out to examine the influence of splanchnic blood flow (SBF), arterial perfusion pressure, and resistance to venous outflow on SBV. Each dog was subjected to an acute bilateral thoracic splanchnicectomy, a procedure shown previously to almost completely interrupt the sympathetic innervation to the splanchnic region (11) .
Pump-Perfused Circuit.-The windkessel was replaced by a 360° single-roller pump inserted into the blood flow line upstream of the flowmeter. Initially, flow was set at a low value (100-140 ml/min) until arterial and venous flows were stable (1-2 minutes). Then flow was increased in continuous equal steps, using the developed perfusion pressure to set an upper limit of allowable blood flow that was, if possible, not to exceed 200 mm Hg. The change in SBV was computed at each new flow level; the end point of the volume change occurred when arterial and venous blood flow had stabilized at the new flow. Usually, this was within 30-60 seconds. The volume change was obtained in a similar manner when the flow was decreased back to the original starting point.
Drug-Altered Blood Flow.-B\ood flows in excess of 400 ml/min in the pump-perfused splanchnic circulation were accompanied by mean perfusion pressures greater than 150 mm Hg. To obtain higher flow rates without further elevating the perfusion pressure, vasoactive drugs were continuously infused into the splanchnic arterial perfusion line during constant pressure perfusion to vary SBF over a wide range (150 ml/min to 900 ml/min). Isoproterenol hydrochloride (Isuprel) 1-10 fig/min, vasopressin (Pitressin) 0.025-2.0 IU/min, and levarterenol bitartrate (Levophed) 1-2.5 ^tg/min were used. Volume changes were computed from the start of drug administration until flows had stabilized at the new value (1-5 minutes).
Alteration in Splanchnic Perfusion Pressure.-The effect of splanchnic arterial perfusion pressure on SBV was investigated by decreasing the pressure within the windkessel in successive steps of 20 mm Hg from an average initial value of 177 mm Hg (range 165 mm Hg to 210 mm Hg) to an average final value of 60 mm Hg (range 46 mm Hg to 97 mm Hg). Pressure was maintained constant at each new level until arterial and venous flows stabilized at new values. Usually, this took place within 1-2 minutes. Change in SBV was computed for each pressure level and as the cumulative change over the entire range of perfusion pressures.
Influence of Resistance to Venous Outflow on Splanchnic Blood Volume.-With aseptic technique, an indwelling Silastic catheter was placed in the portal vein for later monitoring of portal venous pressure. The free end of the catheter was exteriorized near the scapula, flushed daily with saline, and kept filled with heparin. After 10-16 days, the dogs were surgically prepared for measurement of splanchnic blood flows. The venous return circuit was modified slightly. An open reservoir was placed in the circuit between the flow transducer and the right atrium. Resistance to venous outflow from the splanchnic region was varied by changing the height of the venous outflow orifice above the level of the heart. The SBV increase was measured when the venous pressure was raised in a single step to a pressure one to two times the control portal venous pressure.
EFFECT OF SPLANCHNIC BLOOD FLOW AND VOLUME ON THE VOLUME OF BLOOD MOBILIZED FROM THE SPLANCHNIC CIRCULATION
This part of the study examined how the volume of blood expressed from the splanchnic circulation in response to a standard stimulus was affected by changes in SBF and SBV. The right thoracic splanchnic nerve was cut. The left thoracic splanchnic nerve was divided, and its peripheral portion was stimulated electrically with monophasic square-wave impulses of 15 v, 15 cps, and 3-msec duration (Grass stimulator, model SD5). Stimulus duration was limited to 18 seconds, because within this time arterial flow had stabilized at the new value. The long period of reduced flow that followed prolonged (5-10 minutes) intense electrical stimulation was avoided. Limiting the period of observation to 18 seconds ensured that responses were not influenced by circulating catecholamines liberated into the bloodstream from the sympathetic nerve endings. Changes in SBF were effected by the administration of vasoactive drugs and changes in SBV by alterations in the resistance to splanchnic venous outflow.
Incorporated into the experiments was a procedure designed to further describe the processes involved in splanchnic blood mobilization. Folkow et al. (5) and Oberg (12) considered the volume of blood expressed during excitation of the splanchnic sympathetic vasoconstrictor nerves to be divisible into two components. The first, the active volume, was that portion (of the total blood volume) expressed as a consequence of active constriction of the capacitance elements. The second was the passive volume, which was the passive runoff of blood caused by constriction of the resistance elements and the subsequent decrease in transmural pressure resulting from reduction or cessation of arterial inflow. This latter volume largely would be independent of the manner in which reduction of inflow occurred. To quantify CircitUtion Rtstarcb, Vol. XXXI, July 1972 this passive portion of the total volume response, the arterial inflow to the splanchnic circulation was occluded for 18 seconds, and the volume of blood released from the splanchnic bed was measured. This volume was considered to approximate the passive portion of the total volume of blood expelled during reduction in arterial inflow in response to electrical stimulation of the splanchnic nerve. The difference between the total volume of blood released and the passive component would represent the active portion. In each dog, the values so obtained for active volume and passive volume were compared at the various levels of SBF and SBV.
In calculating passive volume release in this manner, it was assumed that the response to acute inflow occlusion had no neurogenic component. This may not be wholly correct since Hanson and Johnson (13) have demonstrated in the dog ileum that the decrease in blood volume during graded reduction in arterial pressure is in part due to a venomotor response, probably involving a sympathetic axonal reflex. In 20 tests in two dogs, an 18-second inflow occlusion was performed before and after adrenergic blockade with phenoxybenzamine (10 mg/kg). The average difference in the volume of blood released before and after drug treatment in the two dogs was +4% and -8%, respectively. Therefore, it was concluded that the reflex referred to did not contribute significantly to the changes in volume described in the present experiments.
MOBILIZATION OF SPLANCHNIC BLOOD VOLUME DURING HEMORRHAGE
In this part of the study, the windkessel and heat exchanger were omitted from the arterial inflow circuit, which thus was reduced to the smallest volume possible. Body temperature was maintained by warming pads and heating lamps. The dogs were subjected to a standard hemorrhage of 7.2 ml/kg body weight. Blood was removed at the rate of 50 ml/min via the catheter in the costocervical trunk. Thirty seconds after withdrawal, the blood was reinfused into the external jugular vein. Hemorrhage was carried out before and after bilateral section of the thoracic splanchnic nerves. A period of 30 minutes intervened between the two hemorrhages. Change in SBV was calculated from the onset of bleeding until reinfusion was begun.
Results

ALTERATION IN SPLANCHNIC BLOOD VOLUME
Pump-Generated Splanchnic Blood Flow.-Successful perfusions were obtained in five dogs (mean body weight 12.9 ± 0.9 [SD] kg). The mean SBF in the period of autoperfusion u. t
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Average changes in splanchnic perfusion pressure and splanchnic blood volume during step increases and decreases in splanchnic blood flow produced by a 360° roller blood pump placed in the inflow circuit line, (o) = starting level from which flow was increased.
before beginning pump perfusion was 24.7 ±10.6 (SD) ml/kg min" 1 . The relationship of SBF to perfusion pressure and change in SBV is shown in Figure 1 . Over the same range of flows, changes in pressure and volume were independent of whether flow was increased or decreased. The blood taken up by the splanchnic circulation during increases in pump blood flow was released almost completely during return of the pump output to the control value. The relationship of SBV to SBF was nearly linear between blood flows of 10 ml/kg min" 1 and 30 ml/kg min-1 . Over this range of flows, the average change in SBV was 3.6 ± 2.6 ml/kg. Expressed in terms of unit change in SBF (1 ml/kg min-1 ), this was 0.19 ± 0.1 ml/kg. If the value of 21.9 ml/kg body weight given by Reynell et al. (4) is used to calculate total SBV, the average volume of blood that was taken up by or released from the splanchnic circulation when SBF was increased or decreased from 10 ml/kg min-1 to 30 ml/kg min-1 was equal to 11% of the total SBV so calculated.
In three dogs, SBF was increased further to flows between 30 ml/ kg min-1 and 40 ml/kg min-1 . The average further change in SBV was 4.9 ± 1.2 ml/kg. Splanchnic inflow exceeded outflow by 1%, 9%, and 13$, suggesting a possible escape of blood through collateral channels opened by the high perfusion pressures developed (190, 200 , and 230 mm Hg mean pressure, respectively).
Drug-Altered Splanchnic Blood Flow.-The results of experiments in six dogs (mean body weight 13.8 ± 1.6 kg) are shown in Table 1 . In each experiment the windkessel pressure initially was set equal to resting systemic arterial blood pressure. The average control SBF was 26.2 ml/kg min" 1 before vasodilatation and 28.4 ml/kg min" 1 before vasoconstriction, a difference of 8%. Expressed in terms of unit change in SBF (1 ml/kg min" 1 ), the mean value for vasodilatation was 0.5 ± 0.4 ml/kg, and for vasoconstriction it was 1. Table 2 . The period of measurement was arbitrarily confined to the first 45 seconds after elevation of venous pressure, because previous studies have shown that in the intestine (14) and the liver (15) the increases in organ weight or volume which Gradation Rtiurcb, Vol. XXXI, July 1972 accompanied elevation in resistance to venous outflow could be divided into two phases. There was an early rapid increase (within 30-60 seconds) due to an increase in the volume of blood held in the blood vessels of the organ and a second slower increase due principally to fluid passing from the distended blood vessels into the tissues. It should be noted that at the time of determining the increase in SBV in the present study arterial inflow and venous outflow were not yet in a steady state. This was in contrast to the much more rapid responses observed to follow an increase in perfusion pressure, inflow occlusion, and stimulation of the splanchnic nerves. With one exception the increase in portal venous pressure was accompanied by an immediate reduction in SBF. In some dogs, this persisted until portal pressure was returned to the control level. In other dogs, the SBF remained depressed, though slowly increasing toward the control values.
EFFECT OF SPLANCHNIC BLOOD FLOW AND VOLUME ON THE VOLUME OF BLOOD EXPRESSED DURING SPLANCHNIC NERVE STIMULATION
The ability of the splanchnic circulation to expel blood during electrical stimulation of the thoracic splanchnic nerve and during Splanchnic volume increase is the observed gaia measured during the first 45 seconds following the increase in resistance to splanchnic outflow. The measurements of portal venous pressure (PVP) and SBF were also made at this time. mechanical occlusion of splanchnic arterial inflow was a function of SBF prior to nerve stimulation or inflow occlusion. Figure 2 (left) shows (in six dogs) the volume of blood expressed in 18 seconds during electrical stimulation of the thoracic splanchnic nerve over a fivefold range in SBF obtained through use of vasoactive drugs. In each dog, an increase in SBF from the control value was associated with an increase in the volume of blood expressed, and a decrease in SBF was associated with a reduction in the volume expressed. An average volume of 10.2 ± 1.7 ml/kg was expressed at a SBF of 45 ml/kg min" 1 or more. At a SBF of 15 ml/kg min" 1 or less, the average volume of blood expressed was 3.8 ± 1.7 ml/kg. An increase in SBV was observed in all dogs during increased resistance to splanchnic venous outflow. The volumes taken up by the splanchnic circulation in the period stated averaged 117 ml or 8.1 ±2.2 ml/kg. This average value represented 36% of the calculated total SBV. Portal venous pressure averaged 6.9 ±4.1 mm Hg in the control state and 15.4 ± 3.5 mm Hg with acute elevation of hepatic venous pressure.
The anastomoses between the cranial and caudal rectal veins allow vascular continuity between the splanchnic and systemic venous systems. It could be argued that the figure of 117 ml was an overestimate of the volume change due to blood leaving the splanchnic circulation through collateral venous pathways opened up during the elevation in hepatic venous pressure. In the period immediately preceding the test, the average difference (neglecting the sign) between inflow and outflow was 3%. Inflow exceeded outflow in four dogs; the opposite was the case in the other four. In the steady state 5-10 minutes after the increase in venous pressure, the average difference between inflow and outflow was 8!?, and inflow exceeded outflow in six dogs. If it was assumed that these steady-state inflow-outflow differences were present throughout the 45-second period of measurement, appropriate corrections for estimation of change in SBV could be applied in each dog. The adjusted value for change in SBV was 103 ml, an average difference of 12$ (range 5% to 25%) from the original figure.
However, the following observations suggested that the potential source of error through venous collateral runoff did not significantly affect the calculations of SBV obtained in the present study. (1) Ligation of the left colic artery and vein anterior to the caudal mesenteric artery was followed by congestion and hemorrhage in the descending colon distal to the point of ligation. (2) In three preparations, an artificial bypass was established between the iliac vein and the right atrium. In two dogs, there was no flow of blood through this circuit; in one dog, there was a small steady flow of 5-6 ml/min. These 
Relationship of total change in splanchnic blood volume (volume expressed) to splanchnic blood flow during stimulation of the left splanchnic nerve (left) and during occlusion of the splanchnic arterial inflow (right) in six dogs. Splanchnic blood flow was varied from control level (circled symbols) by continuous infusion of vasoactive drugs into the splanchnic arterial inflow line. At each flow level, an 18-second nerve stimulation (IS cps, 15 v, 3 msec) and an 18-second arterial occlusion were carried out.
conditions were not altered by elevation of hepatic venous pressure. (3) Indocyanine green dye infused into the superior mesenteric artery was not detected in samples withdrawn from the abdominal vena cava at the iliac bifurcation or from the artificial bypass in the control situation and within the first minute after elevation in hepatic venous pressure. The passive volume (the decrease in SBV during 18 seconds of arterial occlusion), which was paired with each splanchnic nerve stimulation during the drug flow studies, is shown in Figure 2 (right). In each dog, the relationship of this passively released volume to SBF was almost linear. The amount of blood that could be expressed during mechanical interruption of arterial inflow was substantial; an average volume of 11.5 ± 2.6 Circulation Research, Vol. XXXI, July 1972 ml/kg was released when the average maximal SBF of 56 ml/kg mirr 1 was interrupted.
The time course and manner of the release of blood from the splanchnic circulation at different values of SBF are shown for two dogs in Figure 3 during nerve stimulation and during arterial occlusion. In each of the dogs, SBF was varied by the use of vasoactive drugs. In both dogs, electrical stimulation did not produce complete arrest of SBF at the higher values of blood flow, and thus the volume of blood released during the paired mechanical arterial occlusion was not strictly comparable to the passive volume component of the response to nerve stimulation. The dependency of the passive expulsion of blood on SBF again was evident; however, the experiments did not disclose a similar relationship between SBF and the active volume. 
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Effect of level of splanchnic blood flow on volumes of blood released from splanchnic circulation in response to stimulation of the left thoracic splanchnic nerve (15 cps, 15 v, 3 msec) and to occlusion of the splanchnic arterial inflow in two dogs* Blood flow was varied from control situation (center) by continuous infusion of vasoactive drugs into the splanchnic arterial inflow line (right and left). Shaded area indicates the 18-second period of measurement.
Volumes of blood released from the splanchnic circulation during nerve stimulation and arterial occlusion are shown for each of the three situations.
A more precise estimate of the active volume and the passive volume components of the total blood volume mobilized during electrical stimulation could be made in 14 dogs. In these dogs (average SBF 28.1 ml/kg min-1 , range 17.6 ml/kg min' 1 to 39.8 ml/kg min" 1 ), supramaximal electrical stimulation of the thoracic splanchnic nerve reduced arterial inflow by an average of 86% (range 76% to 95%). The average volume of blood expressed in 18 seconds from the splanchnic circulation was 6.95 ± 1.68 ml/kg. The corresponding average passive volume obtained under the same conditions of SBF was 4.5 ± 1.4 ml/kg, and thus the average estimate of active volume was 2.45 ml/kg or 35% (range 10% to 62%) of the total volume of blood expelled.
The manner in which an increase in resistance to splanchnic venous outflow differently affected the active and the passive components of the volume of blood mobilized from the splanchnic circulation during nerve stimulation and during arterial occlusion is shown for nine dogs in Figure 4 . During elevated venous outflow resistance (Fig. 4,  left) , SBF was less than it was in the control period by an average of 19% (range 8% to 48%). The average volume of blood expelled during nerve stimulation in the control situation was 95 ml (range 56 ml to 142 ml) and during elevated resistance it was 98 ml (range 33 ml to 156 ml).
In the same nine dogs, the arterial inflow to the splanchnic circulation was occluded for 18 (15 cps, 15 v, 3 msec) and of arterial occlusion was 18 seconds. Volume of blood expressed and splanchnic blood flow before stimulus are shown for each of the nine dogs in control situation and during increased splanchnic outflow resistance f*J. Volume of blood released during nerve stimulation was increased in four dogs, unchanged in one dog, and reduced in four dogs; volume of blood released with arterial occlusion during increased outflow resistance was decreased in each dog. For further discussion see text.
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Effect of increased resistance to outflow of blood from splanchnic region on volumes of blood released during stimulation of the left splanchnic nerve (left) and during occlusion of the splanchnic arterial inflow (right). Period of nerve stimulation
seconds during the control situation and when the resistance to venous outflow was increased ( Fig. 4, right) . In six of the nine dogs, SBF was depressed from control levels by an average of 18$ (range 7$ to 50$) during increased resistance to venous outflow. In all dogs, the volume of blood released with arterial clamping during elevated resistance to outflow was less than it was in the control situation. The average passive volume in the control situation was 65 ml (range 45 ml to 96 ml), and during elevated venous resistance it was 32 ml (range 13 ml to 50 ml), an average decrease of 51$ from the control value. The average calculated active volume in the control situation was 30 ml (range -18 ml to +78 ml), and during elevated resistance to outflow it was 66 ml (range -1 ml to +125 ml), an average increase of 120$ above the control value.
Records from four of these nine dogs are reproduced in Figure 5 . Each record was selected because of similar reductions in arterial inflow during nerve stimulation and during arterial occlusion, both in the control situation and during elevation of venous outflow resistance. The records further illustrate how this last maneuver may alter the ratio of the active to the passive component of the volume of blood released during nerve stimulation. The average control values of SBF were 235, 336, 409, and 280 ml/min, respectively. The average active volume mobilized during the control period was 53 ml. The corresponding value obtained during elevation of resistance to outflow was 87 ml, an average increase of 64$ above the control value. The average passive volume in the control period was 59 ml and that obtained during elevated resistance was 31 ml, a decrease of 47$ from the control value. 
HEMORRHAGE
Successful experiments were carried out in 11 dogs, 5 of which were studied before and after bilateral splanchnicectomy. The results are given in Table 3 . Results from the 5 dogs in which paired comparisons could be made did not differ from the grouped data. During hemorrhage, the average reductions from control blood flows before and after splanchnicectomy were 23J and 24%, respectively. After sympathetic denervation of the splanchnic region, a modest hemorrhage resulted in a greater decrease in systemic arterial blood pressure (5$ as compared to 20$) and in the passive expulsion from the splanchnic region of a volume of blood equal to mobilized in the innervated state.
of that
Discussion
The vascularly isolated splanchnic circulation employed in these studies did not require laparotomy, and the average SBF observed under control conditions was 400 ml/min or 28.1 ± 6.9 ml/kg min-1 . This figure is in accord with values of 29.5 ml/kg min" 1 and 22.2 ml/kg min" 1 reported, respectively, by Smythe et al. (16) and by Chien (17) in studies on anesthetized dogs. The preparation allowed observation of the moment-to-moment and the cumulative changes in SBF and Resesrcb, Vol. XXXI, July 1972 SBV from the time that a disturbance was imposed until equilibrium again was obtained. Increase in SBF always was accompanied by an increase in SBV and a decrease in SBF by a decrease in SBV, irrespective of whether the blood flow pump, the splanchnic arterial perfusion pressure, or the vasoactive drugs were used. In studies using the cat spleen, Greenway et al. (18) observed that, during a sustained reduction in splenic arterial inflow, splenic weight remained essentially unchanged. The difference may lie in the different species, in the particular organ, and in the range of flows studied. In the present studies, changes in SBV of 17-36% of the total calculated SBV were obtained. When compared in terms of unit blood flow (1 ml/kg mirr 1 ), the changes in SBV ranged from 0.19 ml/kg to 1.1 ml/kg. The differences in this calculated value due to the use of the blood flow pump, vasoactive drugs, or splanchnic arterial perfusion pressure, however, were not statistically significant. This was mostly due to CircuUlim Rciurcb, Vol. XXXI, July 1972 the variability in the results in the studies using vasoactive drugs. These data suggest a possible role for the autoregulation of blood flow commonly observed during an increase in perfusion pressure (19) . If this response of the vascular smooth muscle did not occur, then an increase in systemic arterial blood pressure could be accompanied by an increase in SBF and a substantial uptake of blood by the splanchnic circulation. Within the arbitrarily defined time, an increase in resistance to splanchnic venous outflow also resulted in a substantial uptake of blood by the splanchnic circulation. SBF always was reduced initially, though in most cases it tended to return toward control levels. The reduction in blood flow was observed even when arterial perfusion pressure was increased to maintain the arteriovenous pressure gradient at a constant value. Selkurt and Johnson (20) previously reported a large reduction in blood flow into the intestine with increase in resistance to venous outflow, and in a later study, Johnson (21) attributed this reduction to an increase in precapillary resistance.
The considerable uptake of blood by the total splanchnic circulation in the present studies differs from the finding of Selkurt and Johnson (20) , who reported relatively small increases in intestinal blood volume (7-23 ml) with acute elevation of portal venous pressure. In the eight dogs in the present study, the average values for visceral weight, increase in portal venous pressure and increase in SBV were 1,267 g, 8.5 mm Hg, and 117 ml, respectively. If the increase in portal venous pressure reflects the pressure change in the capacitance vessels of the liver and gastrointestinal system, the calculated average value for venous compliance (AV/AP) is 1.09 ml/100 g mm Hg" 1 . This is considerably in excess of the value of 0.34 g/100 g mm Hg-1 noted by Johnson and Hanson (14) in the ileum of the dog. In a study of capacitance responses in the cat liver, Greenway and associates (15) noted an increase in volume of 3.5 ml for an increase in hepatic venous pressure of 4.7 mm Hg; the average liver weight was 61 g. The ratio of AV to AP calculated from these data is 1.22 ml/100 g mm Hg" 1 .
The studies in which SBF was increased by vasoactive drugs and SBV was increased by increased resistance to venous outflow indicated clear-cut differences in the behavior of the active and passive components of the total volume of blood mobilized during splanchnic nerve stimulation. The use of arterial inflow occlusion to estimate passive volume during nerve stimulation was completely justified only when the control SBF and the rate and the degree of reduction in arterial inflow were the same in both situations. This was certainly true at low and moderately elevated SBF, but at high levels of blood flow failure of nerve stimulation to completely arrest inflow resulted in an underestimate of the volume of blood actively expelled. However, this error was not large enough to make qualitative observations misleading.
The passive volume was related to the absolute level of SBF and, because arterial pressure was held constant by the windkessel, it was related to the decrease in resistance to blood flow through the splanchnic circulation induced by the infusion of isoproterenol. A further contributing factor may have been the augmented wall tension and the alteration of cross-sectional area of the capacitance vessels consequent to the slight increase in venous pressure which accompanied the increase in SBF (22) . At high SBF (average 56 ml/kg mirr 1 , range 40 ml/kg mkr 1 to 76 ml/kg min-1 ), splanchnic venous outflow declined by an average of 27 ml/kg min-1 in 18 seconds. Comparable figures for mid-range flows (average 32 ml/kg min" 1 , range 25 ml/kg min-1 to 39 ml/kg mirr 1 ) and for low flows (average 17 ml/kg min" 1 , range 13 ml/kg min-1 to 23 ml/kg min-1 ) were 15 ml/kg min-1 and 8 ml/kg miiT 1 , respectively. No such definite relationships could be established between the active volume and the absolute level of SBF.
With increased resistance to venous outflow, the active volume was increased both absolutely and as a percent of the total volume released during electrical stimulation. In contrast, the absolute and the percent values for the passive volume were decreased. Because, in this situation, the tension of the venous smooth muscle undoubtedly was increased, the decline in passive volume most likely was a mechanical effect of the increase in resistance to outflow. In studies using the vascular bed of the hindquarters and of the intestine in cats, Oberg (12) noted a decrease in passive volume and an increase in active volume during increased resistance to venous outflow, and he related the increased efficiency of active expulsion of blood to the augmented resting length and tension of the smooth muscle of the veins.
In a recent review of the role of the sympathetic nervous system in hemorrhage, Chien (23) discussed the mobilization of blood from the splanchnic circulation and noted that for a given loss of blood the reduction in SBV was greater in sympathectomized dogs. This finding was taken to OrciUation Rutsrcb, Vol. XXXI, July 1972 indicate that at least part of the reduction in SBV was due to a passive response of the capacitance vessels. In the present study in which the control SBF and the percent of reduction in SBF during hemorrhage were similar before and after bilateral splanchnicectomy, the average volume of blood mobilized from the denervated splanchnic circulation was 68$ of that when the sympathetic nerves were intact. This value is similar to the estimation of passive volume as 65% of the total volume of blood expelled during electrical stimulation of the splanchnic nerve in 14 dogs with comparable levels of SBF (average SBF of the stimulation group 28 ml/kg mirr 1 , average SBF of the hemorrhage group 29 ml/kg mkr 1 ). The data from the reduction in splanchnic arterial perfusion pressure were analyzed for the volume of blood passively mobilized when SBF was reduced from 400 ml/min to 300 ml/min, values comparable to those in the hemorrhage study. Data from nine dogs gave an average decrease in SBV of 2.7 ± 1.4 ml/kg or 12% of the calculated total SBV, values similar to those obtained during hemorrhage after splanchnicectomy (3.2 ± 0.9 ml/kg or 15% of calculated SBV).
Thus, these data support the findings of previous studies that indicate the existence of a passive component of the total volume of blood mobilized during increased sympathetic adrenergic activity. The magnitude of the active component seemed to be related to the degree of distention of the capacitance elements, but that of the passive component appeared to be determined by SBF. Furthermore resistance elements appeared to be more important than capacitance elements in circulatory homeostasis. Despite the passive mobilization of a considerable volume of blood from the denervated splanchnic region, systemic arterial blood pressure was less well maintained during hemorrhage than it was in the innervated state. However, this apparent dominance of the resistance vessels may have resulted from alteration by anesthesia of the pattern of posthemorrhagic sympathetic activation. Chien (24) has shown that in conscious dogs hemorrhage activates mainly Circultiion Rtstrcb, Vol. XXXI, J»Jy 1972 the cardiac sympathetic nerves. Under pentobarbital anesthesia, the major sympathetic response was constriction of resistance vessels.
